INTRODUCTION

198.5) and its association with a variety of clinical
1'@cup/asnaa bmis is one of the most important pathogenic bovine mycoplasmas. In contrast to many other species, which colonize the mucosal surfaces and establish localized chronic infections, this organism has the potential to cross mucosal barriers (Howard e t d., 1987) On: Thu, 03 Jan 2019 22:15:56 bovaS may utilize more than one antigenic variation system for surface diversification (Poumarat ef a/,, 1994) ; however, the biochemical nature and cellular location of these components have not been extensively defined. The present study confirms these observations and demonstrates that an abundant membrane surface protein that is antigenically and structurally unrelated to the Vsp family contributes to surface variation of M. bwis. This protein may act as a major immunological target during infection and may prove useful in serodiagnosis, epidemiological studies and vaccine development.
A. B E H R E N S a n d O T H E R S
METHODS
Mycoplasmas and culture conditions. 144. h i s strains PG45 (type strain), D857, D1499, D1115 and D1511 have been previously described (Rosengarten e t al,, 1994) ; strains D857, D1499, D1115 and D1511 are field isolates which have not been filter-cloned (Rosengarten e t al., 1994 weeks by direct exposure to films at -80 OC. To determine the surface location and orientation of pMB67, intact organisms from fresh broth cultures were treated with various amounts of trypsin or carboxypeptidase Y {which has a strict requirement for a free C-terminal residue) as previously described and the digestion products analysed in Western blots as described above.
Colony immunoblotting. The variable expression of pMB67
and Vsps within M. bovis clonal populations was detected in colony immunoblots which were prepared as previously described (Rosengarten e t al., 19?4; Behrens et al., 1944) . To distinguish among clonal variants expressing pMB67 or Vsps (VspA, VspB and VspC in any combination} only, and those coexpressing pMB67 and Vsps, colony blots were consecutively immunostained with mAbs I, and 1E5 using the chromogenic substrates 4-chloro-1-naphthol, which gives a blue colour reaction (for detection of pMB67), and a-dianisidine, which gives a brown colour reaction (for detection of Vsps). Colonies co-expressing pMB67 and Vsps showed a mixed colour (brownblue). pMB67 is a surface-exposed, mern brane-associated nonlipoprotein with a free C-terminus
RESULTS
Identification of a prominent
The localization and topology of phIB67 on the external surface of 12.1. hovis was examined, using mXb I, to monitor its susceptibility to trypsin-and carboxypeptidase-Y-digestion in intact mycoplasma cells prepared from mid-exponential-phase cultures. Western blots of these preparations showed a gradual reduction of staining with increasing enzyme concentration ( Fig. 2a and b) , without generation of smaller epitope-bcaring degradation products. In contrast, digestion of VspA, VspB and VspC with carboxypeptidase I' gave a series of products of varying size, which could be immunostained with mAb 1E5, and following digestion with trypsin the smallest imrnunoreactive fragments ranged from 41 to 45 kDa (Rehrens e t ul., 1994). These results established that (ij phiB67 is located on the organism's surface, (ii) its C:-tcrminus has a free carboxyl residue that is accessible on the surface, and (iii) its enzjrme digestion profiles are clearly distinguishable from those of Vsps.
Although Poumarat e t a/. (1994) indicated that the strainvariant antigenic components recognized by m h b I, are associated with the membrane, the biochemical nature and location of these antigens have not becn extensively defined. Using procedures previously described ; Behrens e t a/., 1994), we were able to provisionally classify phfHG7 as an integral membrane protein with characteristics of a nonlipoprotein. Firstly, the clear separation of pMB67 as an amphiphilic product into the detergent phase during TX-114 phase fractionation of whole organisms allowed its identification as a putative integral membrane protein (Fig. 2c) (Fig. 2e, lane 1) . In contrast, a 63 kDa size variant of VspA ( Fig. 2d and e, lanes 3) and a 42 kDa size variant of VspB ( Fig. 2d and e, lanes 2) which served as control markers, were labelled with both compounds (Behrens e t a/., 1994) This was rigorously confirmed by immunostaining Western blots of radiolabelled TX-114 phase proteins, followed by autoradiography to precisely align immunostained bands with their radiolabelled counterparts (data not shown).
pMB67 undergoes high-frequency in vitro phase variation and is size-variable
Western blot immunoscreening with pMB67-specific rnAb I, of a series of colonies, which were randomly selected from a cloned subpopulation, revealed a striking heterogeneity in the relative amount of pMB67 present in the broth-cultured populations analysed (Fig. 3a) Fig. 3(b) . Restaining of these colony blots with Vspspecific mAb 1E5 allowed the identification of four different mAb-binding phenotypes (three of which are shown in Fig. 3b) , and further confirmed (see above) that the expression of pMB67 is not coordinately linked with the expression of VspA, VspB or VspC. The following observations unequivocally established that pMB67 was indeed subject to high-frequency to lop4 per generation) reversible phase switching. Firstly, further propagation and replating of colonies scored as pMB67+ or pMB67-revealed that a small fraction (0*7-8*0%) of progeny colonies always showed the alternate (negative or positive) phenotype (data not shown). Secondly, these phase variants gave rise in turn to revertants expressing the original phenotype (data not shown). Thirdly, colonies frequently displayed a sectored pattern of immunastaining, indicating switching between the pMB67' and pMB67-phenotype during colonial growth (Fig. 3b) . And finally, K'es tern immunoblot analysis of clonal lineages selected by coiony immunoblots and representing successive generations clearly showed oscillating expression of pMB67, for example (as shown in Fig. 3c ), from 'phase on ' (lane 1) to ' phase off' (lane 2) and again to ' phase on ' (lane 3).
Another feature of pMB67, also characteristic of the Vsps (Rosengarten ef a/., 1994; Behrens e t al., 1994), was size variation. One example of this size variability is illustrated in Fig. 3(d) , in which a 63 kDa size variant of phIB67 (lane 3) is shown to spontaneously revert to the original size form of 67 k D a (lane 5 ) . However, in contrast to Vsp size variants (Behrens ef al., 19941, size variants of pMB67 were detected at a very low frequency. In addition, simultaneous appearance of a number of size variants in ladder-like patterns, as reported for the Vsp system (Behrens e t A/., 1994), was never observed, even in heavily loaded samples (see Fig. 36 , lane 1).
pMB67 is a major immunogen of M. bowis recognized during infection and disease
The finding that pMB67 was a major surface antigen of M .
bovzS raised the possibility that it may be an important immunogenic component during infection and disease, as recently demonstrated for the Vsps (Rosengarten e t al., 1934) , T o determine whether this was the case, serum from a cow with naturally induced iM. bovzs arthritis (Rosengarten e t al., 1994) was used (Fig. 4c) in conjunction IP: 54.70.40.11
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A. B E H R E N S a n d OTHERS
Western blots of whole-cell proteins from three clonal variants expressing a set of Vsps (lanes 1 and 2) and pMB67 (lanes 3). Comparison of the three immunoblots which were prepared from the same gel showed precise alignment of the individual mAb-defined antigens, i.e. VspA, VspB, VspC and pMB67 ( Fig. 4a and b) , with the most prominent bands immunostained by the bovine serum antibodies (Fig. 4c) (Zheng etal., 1995) , in none of these organisms has the expression of an phlB67-analogous antigen been 
